We study inflation in the framework of f (T )-gravity in the presence of a canonical scalar field. After reviewing the basic equations governing the background cosmology in f (T )-gravity, we turn to study the cosmological perturbations and obtain the evolutionary equations for the scalar and tensor perturbations. Solving those equations, we find the power spectra for the scalar and tensor perturbations. Therefore, we can refine some of power-law inflationary potentials in the framework of f (T )-gravity while they are disfavored by the observational data in the standard inflationary scenario. Interestingly enough, is that the self-interacting quartic potential V (φ) ∝ φ 4 which has special reheating properties, can be consistent with the Planck 2015 data in our f (T ) scenario while it is ruled out in the standard inflationary scenario.
I. INTRODUCTION
Inflationary scenario was proposed to overcome some of the basic problems of the Hot Big Bang cosmology such as the flatness problem, the horizon problem and also the magnetic monopole problem [1] [2] [3] [4] [5] [6] [7] . In addition, growth of the perturbations seeded during inflationary era can successfully explain the large-scale structure (LSS) formation as well as the anisotropy observed in the cosmic microwave background (CMB) radiation [8] [9] [10] [11] . Therefore, applying the experimental results from LSS and CMB radiation, we are able to obtain useful information about the inflationary stage of the universe. Important observational results are represented by the Planck 2015 collaboration [12] that they are obtained from probing of the CMB radiation anisotropies in both temperature and polarization. Using these observational results, we can distinguish viable inflationary models and also constrain them.
In inflation theory, a rapid accelerating expansion is considered before the radiation dominated era. In the standard inflationary scenario, a canonical scalar field is regarded in the framework of Einstein's general relativity (GR) to explain the accelerating expansion of the inflationary era. Viability of different inflationary models in the framework of standard inflationary scenario in light of observational results has been extensively investigated in the literature [13] [14] [15] [16] [17] [18] [19] . However, there are other inflationary models represented on the base of extended theories of gravity. One important class of this category includes the models based on f (R)-gravity in which the Ricci curvature scalar R in the action is replaced by an arbitrary function of f (R) [20] . The well-known instance for this class is the Starobinsky R 2 inflation [1] which is the first inflationary model and it is based on addition of the term R 2 to the Einstein-Hilbert term R in the action. Although this model is the first inflationary model, it is in well agreement with the experimental data as it has been demonstrated by the Planck 2015 collaboration [12] . In order to find other inflationary models in the framework of f (R)-gravity see [21] [22] [23] [24] [25] .
Another important class of the inflationary models based on the extended theories of gravity includes the models founded on the teleparallel gravity (TG) and its extension, f (T )-gravity. TG was originally proposed by Einstein [26] in an attempt of unifying gravity and electromagnetism. Later, Einstein left TG because it failed in the attempt of this unification and also the curvature tensor of the Weitzenbock connection vanishes. It has been shown that TG can provide an alternative for GR [27] . Then, the idea of the teleparallel equivalent to general relativity (TEGR) was developed. Subsequently, the TEGR was generalized to f (T )-gravity by replacing a general f (T ) function instead of the torsion scalar T in the action [28, 29] . The basic variables in f (T )-gravity are the tetrad fields e iµ where the Weitzenbock connection instead of the Levi-Civita connection is used to define the covariant derivative.
Consequently, the spacetime has no curvature but contains torsion. The main advantage of f (T ) theory is the fact that its field equations are second order which are significantly simpler than the fourth order equations of f (R)-gravity [30] [31] [32] [33] [34] . Although, the models based on f (T )-gravity can be regarded as an alternative to f (R) theories [35] , in contrast with f (R) scenario, f (T )-gravity is not dynamically equivalent to teleparallel action plus a scalar field via conformal transformation [36] .
Recently, f (T )-gravity has aroused a great interest in cosmological applications. At first, f (T )-gravity was proposed as models for inflation [28, 29] . Then, models based on f (T )-gravity was considered to describe the present accelerating expansion of the universe without resorting to dark energy (DE) [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] . Also, thermodynamics of f (T )-gravity models has been investigated in [44] [45] [46] . Reconstructing of f (T ) theories equivalent to models based on scalar fields is subject of [47] . LSS formation in the framework of f (T )-gravity has been regarded in [48, 49] . Cosmological perturbations in f (T )-gravity has been studied in [50] [51] [52] [53] [54] [55] [56] . Also, recently, some inflationary models in the framework of f (T )-gravity have been investigated in [57] [58] [59] [60] .
In the present work, we focus on the study of inflation in the framework of f (T )-gravity in the presence of a canonical scalar field. We choose a power-law form for f (T ) function in the action and then investigate inflationary models with the power-law and intermediate scale factors in our setting. The power-law inflation is specified by the scale factor a(t) ∝ t q where q > 1, and in the standard inflationary scenario based on a canonical scalar field in the framework of Einstein gravity, it is driven by an exponential potential which is not consistent with the observational results, as it has been shown in [14, 61] . Besides, the intermediate inflation is characterized by the scale factor a(t) ∝ exp A(M P t) λ where A > 0 and 0 < λ < 1 and it arises from an inverse power-law potential in the standard inflationary scenario [62] [63] [64] , that it is not favored by the Planck 2015 data, as it has been discussed in [14, 64] . In the present work, our main goal is to refine these inflationary models in light of Planck 2015 results in the framework of f (T )-gravity. To this aim, first we review the background cosmological consequences of f (T )-gravity and we will consider them in the slow-roll approximation to find the inflationary potentials responsible for these models.
Then, we will study the cosmological perturbations to obtain the power spectra for the scalar and tensor perturbations. This makes it possible for us to check the viability of our model in comparison with the observational data.
This paper is organized as follows. In section II, we review the basics equations for the cosmological background evolution in f (T )-gravity. In section III, we study the cosmological perturbations theory in f (T )-gravity and obtain the scalar and tensor power spectra. Then, in sections IV and V, we investigate the power-law and intermediate inflationary models, respectively, in the framework of f (T )-gravity. Finally in section VI, we summarize the concluding remarks.
II. f (T )-GRAVITY
In this section, we provide a brief review on the basic equations for background cosmological evolution in f (T )-gravity. Generalizing the TEGR, we consider the action of f (T )-gravity as [28, 29] 
where M P = 1/ √ 8πG is the reduced Planck mass and L φ is the scalar field Lagrangian.
Also, e = det(e i µ ) = √ −g where e i µ is the vierbein field which is used as a dynamical object in TG.
For a spatially flat FRW universe, the modified Friedmann equations in f (T )-gravity read [30] [31] [32] [33] [34] 
where H ≡ȧ/a is the Hubble parameter and ρ φ and p φ stand for the energy density and pressure of the scalar field, respectively. Also, ρ T and p T are the energy density and pressure due to the torsion contribution, respectively, and they are defined as
the Hubble parameter as [30] [31] [32] [33] [34] 
Note that in the case of f (T ) = T , Eqs. (4) and (5) yield ρ T = 0 and p T = 0 so that Eqs.
(2) and (3) transform to the usual Friedmann equations in the TEGR.
The torsion and scalar field energy densities, independently, satisfy the conservation equations asρ
In this paper, we assume that the matter content of the universe to be a canonical scalar field. Therefore, the energy density and pressure of the scalar filed, respectively, are given
whereφ 2 /2 and V (φ) are the kinetic energy and potential of the scalar field, respectively.
Substituting ρ φ and p φ from the above equations into the conservation equation (8) leas to the evolution equation of the scalar field as
where V ,φ = dV /dφ. Notice that in f (T )-gravity, the set of equations containing the Friedmann equations (2) and (3), and the evolution equation governing the scalar field (11) are not independent of each other. Taking the time derivative of Eq. (2) and using (11) , one can get the second Friedmann equation (3) . Also, from definitions (4) and (5) one can obtain Eq. (7) . In what follows, we take the set of Eqs. (2) and (11), which can uniquely determine the dynamics of the universe.
In the present work, we are interested in investigating inflation in the framework of f (T )-gravity. To this aim, it is useful to define the Hubble slow-roll parameters as
ε 1 < 1. Therefore, dependent on whether the first Hubble slow-roll parameter ε 1 be a decreasing function or an increasing function during inflation, we can use the relation ε 1 = 1 to determine the initial time or the end time of inflation, respectively [65] .
The scalar field responsible for inflation is called "inflaton". During the inflationary era, variation of the inflaton φ is very slow. Also, during this era, the Hubble parameter H changes slowly so that we have a quasi-de Sitter expansion. These facts allow us to apply the slow-roll conditionsφ 2 ≪ V (φ) and φ ≪ 3Hφ , V ,φ in study of inflation. In the slow-roll approximation, Eqs. (2), (4) and (11) can be combined to give
Note that for a given f (T ) and scale factor a(t), with the help of Eqs. (14) and (15), one can find the evolutionary behaviors of the inflationary potential V and the inflaton φ with respect to the cosmic time t. Then, one can combine the results to specify the inflationary potential V (φ).
III. COSMOLOGICAL PERTURBATIONS IN f (T )-GRAVITY
In this section, we focus on the study of cosmological perturbations in the framework of f (T )-gravity when a canonical scalar field is present. We work in the longitudinal gauge which only involves scalar-type metric fluctuations as [66] 
Here, as usual, two functions Φ and Ψ are used to characterize the scalar perturbations of the metric. We assume that the anisotropic stress vanishes and thus Ψ = Φ which is widely found in the standard theory of cosmological perturbations [66] . If we combine the perturbation equations obtained in [53] , then we can get the complete form of the equation of motion for one Fourier mode Φ k with the comoving wavenumber k as
where the functions α, µ and c s are respectively the frictional term, the effective mass, and the sound speed parameter and they are defined as [53] 
Moreover, if we use the Friedmann equation (3) and the evolution equation (11) 
This is the equation of motion for the gravitational potential Φ in f (T )-gravity in the presence of a canonical scalar field. We see that this equation is identical with the one in the standard Einstein gravity [66] , except the new sound speed parameter c s has been introduced.
In order to examine the evolution of perturbations, it is appropriate to work with gaugeinvariant variables in order to the result be independent of the coordinate system. In the theory of cosmological perturbations, we often use the gauge-invariant variable ζ denoting the curvature perturbation in comoving coordinates, to specify the cosmological inhomogeneities [66] . Following [53] , we assume that the form of ζ is the same as that defined in the standard cosmological perturbation theory that it is given by
Using the above equation together with Eq. (21), we can obtaiṅ
For the case of a generic expanding universeζ k approaches zero at large length scales, k → 0, because the dominant mode ofΦ k is approximately constant. Now, we define the canonically normalized variable
where
and ε 1 is the first Hubble slow-roll parameter defined in Eq. (12) . Using Eqs. (22), (23), (24) and (25), we reach the equation of motion for the scalar perturbations as
where the prime denotes the derivative with respect to the conformal time τ ≡ dt/a. If the sound speed is equal to the light speed, i.e. c s = 1, then the above equation becomes the well-known "Mukhanov-Sasaki equation" governing the evolution of scalar perturbations in the standard Einstein gravity [66] . The above equation is similar to the equation of motion for the scalar perturbations in the k-inflation scenario in which a non-canonical kinetic term in the action drives an inflationary evolution [67] . This similarity provides us to follow the approach applied in [68] to solve Eq. (26) and find the spectrum of the variable ζ = v/z s .
This variable can be used to describe the scalar perturbations since it is directly related to the gravitational potential Φ by Eq. (22) . The gravitational potential Φ in turn is related to the scalar perturbations that lead to the LSS formation and the fluctuations of the CMB radiation temperature. Specifically, the fluctuations of the CMB radiation temperature in large angular scales are expressed as δT /T ≈ Φ/3 [66] .
During slow-roll inflation, the Hubble rate H, the sound speed c s and the first Hubble slow-roll parameter ε 1 change much slower than the scale factor a. Thus, from (25) we
At sufficiently early times, the physical wavelength of the perturbation a/k is much smaller than the "sound horizon" c s H −1 and hence the short wavelength limit condition c s k ≫ aH is valid. In this limit, we can neglect the term z ′′ s /z s versus the term c 2 s k 2 in Eq. (26) . Also, we note that the fluctuation corresponds to a free scalar propagating in a flat spacetime, and naturally the initial condition takes the form of the Bunch-Davies vacuum [69] . Therefore, Eq. (26) can be easily solved to give the short wavelength solution
On the other hand, when the perturbations cross the sound horizon outward it, the term z ′′ s /z s begins to dominate over the term c 
where C k is a constant. To find the constant C k , following [68] , we match the solutions (27) and (28) at the moment of the sound horizon exit for which c s k = aH, and consequently we will have
Therefore, using Eqs. (24) and (25), we obtain the power spectrum for the scalar perturbations in the framework of f (T )-gravity as
which should be evaluated at the sound horizon exit specified by c s k = aH. This equation reduces to the standard result for slow-roll inflation if the sound speed is equal to the light speed (c s = 1).
The scalar spectral index is defined as
Since during slow-roll inflation, the Hubble parameter H and the sound speed c s are almost constant, therefore using the relation c s k = aH that is valid at the sound horizon exit, we can obtain the relation
Using Eqs. (12), (13), (30) , (31) and (32), we can obtain
where we have defined the sound speed slow-roll parameters as
Furthermore, using Eqs. (13), (32), (33), (34) and (35), we can obtain an expression for the running of the scalar spectral index as
If the sound speed is constant then the sound speed slow-roll parameters in Eqs. (33) and (36) vanish and we recover the expressions for the scalar spectral index and the running of the scalar index that we expect in the standard inflationary scenario.
Now we turn to study the tensor perturbations in f (T )-gravity. According to [51] , the equation governing the tensor perturbation h ij can be obtained as
where we have defined the parameter γ as
The tensor perturbation h ij is symmetric, transverse and traceless, i.e.
Due to these constraints, the tensor perturbation h ij has only two degrees of freedom which correspond to two polarizations of gravitational waves. We label the polarization state by r and for each state we can write h ij (t, x) as a scalar field h r (t, x) multiplied by a polarization tensor ξ r ij which is constant in space and time. Thus, the Fourier transformations of the tensor perturbation is given by
Using the above relation in Eq. (37), we geẗ
Applying the relation dτ = dt/a in the above equation yields
where the parameter z t is defined as it satisfies the differential equatioṅ
The solution of this differential equation is
If we define the canonically normalized field
then Eq. (42) gives rise to
Following the same procedure used for the scalar perturbations, we can find the asymptotic solutions of Eq. (46) and then we match the solutions at the horizon exit specified by k = aH. In this way, we get the tensor power spectrum in the framework of f (T )-gravity as
which is sum of the power spectra P h for two polarization modes of h ij .
Here, we introduce the tensor-to-scalar ratio defined as
The tensor-to-scalar ratio is an important inflationary observable that is strictly constrained by the Planck 2015 observational data [12] . Hence, it can be used to distinguish viable inflationary models in light of the observational results. Another inflationary observable is the tensor spectral index defined as
that specifies the scale dependence of the tensor power spectrum. The accuracy of current experimental devices is not adequate to measure the tensor spectral index but we may be able to determine it in the future.
In order to obtain a simpler relation for the tensor power spectrum in our f (T )-gravity model, it is convenient to define the parameter
If δ ≪ 1 then we can neglect the term γ/2 relative to the Hubble parameter H in Eq. (43) and therefore the resulting equation yields the standard solution z t = a. Consequently, Eq.
(47) reduces to the standard expression for the tensor power spectrum in the framework of Einstein gravity as
This relation must be calculated at the time of horizon crossing for which k = aH. This time is not exactly the same as the time of sound horizon crossing for which c s k = aH, but to lowest order in the slow-roll parameters this difference is negligible [68] . Therefore, using
Eqs. (30), (48) and (51), the tensor-to-scalar ratio is obtained as
Also, using Eqs. (12), (32), (49) and (51), we can obtain the tensor spectral index as
From Eqs. (52) and (53), we conclude that the inflationary observables are not independent and there is a so-called "consistency relation" between them as
For the case of c s = 1, this equation turns into the conventional consistency relation r = −8n t being valid in the standard inflationary framework based on the Einstein gravity. We see that the consistency relation in f (T )-gravity is different from the usual one in the standard inflationary model and therefore, in principle, inflation in f (T )-gravity is phenomenologically distinguishable from the standard inflationary model based on the Einstein gravity.
IV. POWER-LAW INFLATION IN f (T )-GRAVITY
In the previous section, we studied the cosmological perturbations in the framework of f (T )-gravity and obtained the expressions for the inflationary observables. In this section, we will apply the obtained results for the power-law inflation. It has been shown that in the standard inflationary setting, the power-law inflation is driven by an exponential potential which is not favored in light of the recent observational data [14, 61] . This motivates us to check viability of the power-law inflation in comparison with the Planck 2015 data in the framework of f (T )-gravity.
We consider the f (T ) function in the action (1) to have the power-law form [30, 39] 
where T 0 and n are constant. In the case of n = 1, Eq. 
2 s ≤ 1 [70] . This limits the parameter n to be in the range of n ≥ 1. In addition, from Eq. (56) the sound speed slow-roll parameters (34) and (35) vanish in our f (T )-gravity model (55) .
In this section, we focus on the power-law inflation with the scale factor
where q > 1 is a constant parameter and a i is the scale factor of the universe at the initial time of inflation t i . Throughout this paper, we normalize the scale factor of the universe relative to its value at the present time so that a 0 = 1. It should be noted that there is not a certain value for a i and t i because from Linde's idea of eternal inflation [6, 7] , we infer that the initial conditions of inflation are uncertain.
The power-law scale factor (57) yields the Hubble parameter as
Also, the first Hubble slow-roll parameter (12) becomes
which is constant and hence the other Hubble slow-roll parameters vanish. Since the first slow-roll parameter is constant and cannot reach unity, then inflation never ends and it is needed to introduce an additional reheating process to the final stages of inflation to make exit from the inflationary phase possible for this model. However, in [61] the authors has shown that invoking a non-canonical scalar fields can resolve this central drawback of the power-law inflation.
Within the framework of f (T ) model (55), we are interested in determining the form of the inflationary potential for the power-law inflation (57) . For the case of n = 1 which corresponds to the TEGR, i.e. f (T ) = T , Eqs. (14) and (15) yield the potential and scalar field with respect to time as
respectively. Eliminating t in the above equations, we find the inflationary potential as
the Einstein gravity [14, 61] .
Moreover, for n > 1, from Eqs. (14) and (15) we obtain
respectively. Combining the two above equations, we obtain the inflationary potential driving the power-law inflation in our f (T )-gravity framework as
where the parameters of m and V 0 are given by
As we see, in our f (T )-gravity scenario with n > 1, the potential corresponding to the power-law inflation has a power-law form that this class of potentials includes the simplest chaotic inflationary models [5] , in which inflation starts from large values for the inflaton,
The scalar power spectrum in our f (T ) model (55) with n ≥ 1 is obtained from Eq. (30) as
As we mentioned before, the power spectrum of the scalar perturbations should be evaluated at the sound horizon exit. Applying the relation c s k = aH, we specify the time of the sound horizon exit as
Replacing this into Eq. (68) gives the scalar power spectrum in terms of the comoving wavenumber k as
inflation leads to a power-law power spectrum for the scalar perturbations. Therefore, we can easily calculate the scalar spectral index from Eq. (31) as
which does not have scale dependence so that it gives rise to a vanishing running of the scalar spectral index, dn s /d ln k = 0, which is in agreement with the Planck 2015 observational data at 68% CL [12] . Also, the above result does not depend on the parameter n and hence, the scalar spectral index in our f (T ) model is the same as one in the standard inflationary scenario.
Here, we are interested in investigating the tensor perturbations for the power-law inflation in our f (T ) model. First, we calculate the parameter δ from Eq. (50) and obtain
We see that if q ≫ n − 1 then δ ≪ 1. We assume this condition to be valid and we will verify it later in the present section. This assumption allows us to use Eq. (51) for the tensor power spectrum that it leads to
We must calculate this at the time of horizon exit specified by the relation k = aH as
Substituting Eq. (74) into Eq. (73) gives
With the help of above relation, Eq. (49) gives a scale-invariant tensor spectral index as
We note that the tensor spectral index, like the scalar spectral index, does not depend on the parameter n and therefore, it is identical to the one for the standard inflationary scenario.
Also, using Eqs. (70) and (75) in definition (48), we find the tensor-to-scalar ratio as r = 16 Fig. 1 for different values of the parameter n while the parameter q is varying. Also, the marginalized joint 68% and 95% CL regions allowed by the Planck 2015 data [12] have been specified in the figure. We see that in contrary to the case of the TEGR (n = 1), in our f (T ) model (55) with n 2, the prediction of the power-law inflation (57) can lie inside the 68% CL region of Planck 2015 TT,TE,EE+lowP data [12] . Therefore, we conclude that in f (T )-gravity, the plower-law inflation can be resurrected in light of the Planck 2015 observational results.
Here, we check validity of the assumption δ ≪ 1 that we made before to use Eq. (51) for the tensor power spectrum. From Eq. (71), we see that a favored value for the scalar spectral index according to Planck 2015 TT,TE,EE+lowP data at 68% CL (n s = 0.9644 ± 0.0049) [12] , is obtained for q ≈ 57. Now, if we take q ≈ 57 then from Eq. (72) for n = 2, 3 and 4, we obtain δ ≈ 0.02, 0.04 and 0.05 which satisfy the condition δ ≪ 1 and consequently our assumption is valid.
In Eq. (65) we found that the inflationary potential responsible for the power-law inflation in our f (T ) scenario has a power-law form. From Eq. (66) we see that for n 2 the power m for the inflationary potential varies in the range 2 < m 4. In the standard inflationary, the power-law potential (65) with a power in this range, is not favored by Planck 2015
TT,TE,EE+lowP data [12] , as it has been shown in [14] . But we see that in our f (T ) inflationary model, the power-law potential (65) with 2 < m 4 can be consistent with Planck 2015 TT,TE,EE+lowP data [12] at 68% CL. Interestingly enough, is that in our model, we can refine the self-interacting quartic potential V (φ) ∝ φ 4 which has special reheating properties [71, 72] . This potential in our model corresponds to n = 2 that can be compatible with the Planck 2015 results at 68% CL while it is ruled out in the standard inflationary scenario [14] . In [73, 74] , the authors have investigated some ideas to improve the prediction of the quartic potential in comparison with the observational data.
In the following, we estimate the inflationary observables in our model explicitly. We choose n = 2 and q = 57. As a result, from Eq. (71), we find the scalar spectral index as n s = 0.9643 that is in agreement with Planck 2015 TT,TE,EE+lowP data at 68% CL (n s = 0.9644±0.0049) [12] . Also, using Eq. (77), we see that our model predicts the tensor-to-scalar ratio as r = 0.0530 which lies inside the 68% CL region of Planck 2015 TT,TE,EE+lowP data [12] (see Fig. 1 ). From Eq. (76), the tensor spectral index is obtained as n t = −0.0357 which satisfies the consistency relation (54) . The current experimental devices are not sufficiently accurate to measure the tensor spectral index n t with a suitable accuracy and the predicted value for this observable can be checked by more precise measurements in the future.
In the remaining of this section, we turn to check the validity of our discussion in the context of the e-folds number from the end of inflation. The e-folds number is used to express the amount of inflation and is defined as
where a e is the scale factor at the end of inflation. This definition is equivalent to
The CMB anisotropies correspond to the perturbations whose wavelengths crossed the Hubble radius around N * ≈ 50 − 60 before the end of inflation [72, 75] . This result can be obtained with the assumption that during inflationary era, a slow-roll inflation has occurred that it leads to a quasi-de Sitter expansion of the universe with H ≈ constant. Furthermore, evolution of the universe after inflation is assumed to be governed by the standard model of cosmology. In the present work, we have used these two assumptions, hence we can take the e-folds number corresponding to the horizon crossing as N * ≈ 50 − 60 from the end of inflation. Since inflation with the power-law scale factor (57) cannot end by slow-roll violation, we follow the logic of [13] and introduce an extra parameter t e related to the time in which an unspecified reheating mechanism is triggered to end of inflation. Now, we can solve the differential equation (79) for the power-law scale factor (57) and get
where we have used the initial condition N e ≡ N(t e ) = 0 from Eq. (78).
Substituting Eq. (80) into (68), one can get the scalar power spectrum in terms of the e-folds number as
To find an expression for the scalar spectral index n s , we note that in the relation aH = c s k, the Hubble parameter H is approximately constant during slow-roll inflation, and also the sound speed c s is constant for our f (T )-gravity model. Consequently, by use of Eq. (79),
we will have
which is valid around the sound horizon exit. Therefore, using Eqs. (81) and (82) in (31), we obtain
which is independent of the e-folds number and consequently gives a vanishing running of the scalar spectral index, dn s /d ln k = 0. This is in agreement with our previous result obtained by use of the comoving wavenumber. Now, we want to get the tensor power spectrum with respect to the e-folds number. We noticed before that the tensor power spectrum should be evaluated at the time of horizon exit where aH = k. To lowest order in the slow-roll parameters, we can ignore the difference between the time of horizon exit and the sound horizon exit in the slow-roll regime [68] .
Here, we can use Eqs. (81) and (84) in (48) and obtain the tensor-to-scalar ratio as r = 16
Moreover, with the help of Eqs. (49), (82) and (84), the tensor spectral index reads
We see that the inflationary observables n s , r and n t for the power-law inflation become independent of the e-folds number in our f (T )-gravity scenario. This situation is similar to that of the standard inflationary model where these quantities depend only on the parameter q appeared in the power-law scale factor a ∝ t q [13, 61] . Now, we estimate these inflationary observables again and compare them with our previous results obtained by use of the comoving wavenumber. For this purpose, we take n = 2 and q = 57 again, and find n s = 0.9649, r = 0.0540 and n t = −0.0351 from Eqs. (83), (85) and (86), respectively. We see that these results are very close to those found before by use of the comoving wavenumber. This verifies the validity of our discussion in the context of e-folds number for the power-law inflation in our f (T )-gravity model. The small deviations in the results obtained by use of the e-folds number relative to those calculated by use of the comoving wavenumber arise from two reasons. The first reason is that in Eq. (82), we neglected from the slow-roll Hubble parameters relative to unity while their contributions are included in the calculations on the base of the comoving wavenumber. The second one is that to get Eq.
(84), we ignored the difference between the times of horizon exit for the scalar and tensor perturbations but this difference is considered in the calculations based on the comoving wavenumber.
V. INTERMEDIATE INFLATION IN f (T )-GRAVITY
In this section, we are interested to study the intermediate inflation in the framework of f (T )-gravity. The scale factor of intermediate inflation takes the form
time of inflation. This scale factor leads to the Hubble parameter as
In addition, the first Hubble slow-roll parameter (12) reads
which is a decreasing function during inflation. Therefore, like the power-law inflation, the intermediate inflation cannot end without introducing an additional reheating process to the final stages of the inflationary phase. An idea to overcome the end of intermediate inflation problem has been proposed in [64] .
Here, we want to determine the inflationary potential corresponding to the intermediate inflation in our model. We first concentrate on the case of n = 1 for which our f (T ) model (55) recovers the TEGR, i.e. f (T ) = T . For this case, Eqs. (14) and (15) lead to
that can be combined to result in the inverse power-law inflationary potential
which we expect for the intermediate inflation in the framework of Einstein gravity [62] [63] [64] .
For n > 1, using Eqs. (14) and (15), we obtain the inflationary potential and scalar field in terms of the cosmic time t as
respectively. Eliminating t between these equations gives the inflationary potential as
where the parameters of m and V 0 are defined as
We see that in our f (T ) model (55) with n > 1, the potential responsible for the intermediate inflation, like the one driving the power-law inflation, has the power-law form (95), but with a different expression for the power m.
Now, we are in position to obtain the scalar power spectrum in our f (T ) scenario (55) with n ≥ 1. From Eq. (30) we have
From the relation c s k = aH, the time of sound horizon exit reads Substituting Eq. (99) into (98), the scalar power spectrum is obtained in terms of the comoving wavenumber k as
Now, we can use the above result in Eq. (31) and get the scalar spectral index as
In order to study the tensor perturbations for the intermediate inflation in our f (T )-gravity scenario, first we note that Eq. (50) leads to
which is suppressed as time last during inflation. Therefore, it makes sense to suppose that δ ≪ 1 at the time of horizon exit. We will verify the validity of this assumption later in this section. The assumption δ ≪ 1 allows us to use Eq. (51) for the tensor power spectrum that it leads to
The relation k = aH results in the time of horizon exit to be
Using this in Eq. (104), we will have
From the above result together with Eq. (49), one finds
Also, the tensor-to-scalar ratio results from Eqs. (100) and (106) as
So far, we have calculated the relations corresponding to the inflationary observables in terms of the comoving wavenumber. Now, we are able to check the viability of our inflationary model in light of the Planck 2015 results. We calculate the inflationary observables (55) with different values of n and A.
at the pivot scale k * = 0.05 Mpc −1 as adopted by the Planck 2015 collaboration [12] . We fix the scalar power spectrum in Eq. (100) at the pivot scale as ln 10 10 P s (k * ) = 3.094
from Planck 2015 TT,TE,EE+lowP data combination [12] . As a result, we will have an equation that results in a value for the parameter a i for each set of the parameters n, A and λ. Consequently, we can plot the r − n s diagram for our model by use of Eqs. (101) and (108) for different values of n and A while λ is varying in the range 0 < λ < 1. This diagram is shown in Fig. 2 and also the marginalized joint 68% and 95% CL regions allowed by the Planck 2015 data [12] have been specified in the figure. In Fig. 2 Therefore, the assumption δ ≪ 1 which we have used before to apply Eq. (104) for the tensor power spectrum, is valid.
It should be noted that as the parameter λ approaches 2/3, the scalar power spectrum approaches the scale-invariant Harrison-Zel'dovich spectrum with n s = 1 that it is ruled out by the Planck 2015 results [12] . For the values of λ in the interval 2/3 < λ < 1, we will have a blue-tilted spectrum (n s > 1) that it is also ruled out by the Planck 2015 data [12] . However, In what follows, we again verify validity of our results for the inflationary observables by use of the e-folds number from the end of inflation. We note that inflation with the intermediate scale factor (87) cannot stop by slow-roll violation. To overcome this problem, we again follow the approach of [13] and use the additional parameter t e which refers to the time in which an unknown reheating process begins to happen to stop inflation. In this way, we can solve the differential equation (79) for the intermediate scale factor (87) and find
If we insert t from Eq. (109) into (98), the scalar power spectrum turns into
The above equation together with Eqs. (31) and (82) give rise to
In order to get the tensor power spectrum in terms of the e-folds number, we note that we can ignore the difference between the times of horizon exit for the scalar and tensor perturbations, as discussed in the previous section. Consequently, we can use Eq. (109) in (104) and obtain
Substituting Eqs. (110) and (113) into (48), one can get
Furthermore, by use of Eqs. (82) and (84) in (49), we find
So far, we obtained the inflationary observables in terms of the e-folds number N. To compare these observables with observation, we should evaluate them at the horizon exit corresponding to the e-folds number N * ≈ 50 − 60. To determine the parameter t e in terms of the other parameters of the model, we fix the amplitude of the scalar power spectrum in Eq. (110) as ln 10 10 P s (N * ) = 3.094 from Planck 2015 TT,TE,EE+lowP data [12] . Now, we want to estimate the inflationary observables again and compare them with our previous results calculated by use of the comoving wavenumber. As before, we consider n = 2, A = 1 and λ = 0.325. Now if we take N * = 60, then by use of Eqs. (111), (112), (114) and (115), we obtain n s = 0.9654, dn s /d ln k = 0.0004, r = 0.0702 and n t = −0.0456, respectively. Here, we first represented a brief review on the background cosmology in f (T )-gravity in the presence of a canonical scalar field. Then, we studied the cosmological perturbations in the framework of f (T )-gravity. We obtained the necessary equations governing the scalar and tensor perturbations and solved them to find the scalar and tensor power spectra.
Subsequently, we obtained the relations of the inflationary observables for our model. We found that the consistency relation for the inflationary model based on f (T )-gravity is different from the one for the standard inflationary model based on the Einstein gravity.
Consequently, in principle, inflation in f (T )-gravity is phenomenologically distinguishable from the standard inflationary model based on Einstein's general relativity.
Next, we considered the f (T ) function in the action to have the power-law form f (T ) = T 0 (T /T 0 ) n where n ≥ 1. For n = 1, the TEGR is recovered, i.e. f (T ) = T . Then, we investigated the power-law inflation characterized by the scale factor a(t) ∝ t q where q > 1. In the Einstein gravity, the power-law inflation arises from the exponential potential We found that for n 2 and 0 < λ < 2/3, the intermediate inflation driven by the power-law potential in our f (T )-gravity scenario, can be consistent with the Planck 2015 results.
We further checked the validity of our discussion in the context of the e-folds number for the power-law and intermediate inflations in our f (T )-gravity model. Using the e-folds number, we computed the inflationary observables and found that their values are close to those obtained before by use of the comoving wavenumber.
